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CONVERSION FACTORS AND ABBREVIATIONS

For the convenience of readers who may want to use metric (International
System) units, the inch-pound values in this report may be converted by using

the following factors:

Multiply inch-pound unit

inch (in.)

foot (ft)

square foot (ft2)

cubic foot (ft3)

mile (mi)

square mile (mi?2)

cubic foot per second (ft3/s)

million gallons per day (Mgal/d)

pound, avoirdupois (1b)

25.4
0.3048
0.09294

28.32
1.609
2.590
0.02832

0.04381
3,785

453.6x103
453.6x106

To obtain metric unit

millimeter (mm)

meter (m)

square meter (m2)

liter (L)

kilometer (km)

square kilometer (km2)

cubic meter per second (m3/s)

cubic meter per second (m3/s)
cubic meter per day (m3/4)

milligram (mg)
microgram (ug)

Temperature in degress Celsius (°C) can be converted to degrees Fahrenheit

(°F) as follows:

°F = 1.8 x °C + 32

National Geodetic Vertical Datum of 1929 (NGVD of 1929)--A geodetic datum
derived from a general adjustment of the first order level nets of both the
United States and Canada, formerly called Sea Level Datum of 1929.
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STORM RUNOFF AND ITS EFFECTS ON THE WATER QUALITY AND BOTTOM-MATERIAL

QUALITY OF CEDAR CREEK, WEST-CENTRAL ILLINOIS, 1985-86

By Ward O. Freeman, Arthur R. Schmidt, and Roger D. McFarlane

ABSTRACT

Storm—-related constituent loads to a 26.2-mile reach of Cedar Creek,
flowing through Galesburg, Illinois, were estimated from measurements made at
49 combined sewers, 7 storm sewers, a wastewater-treatment facility, 3 tribu-
taries, and 5 stream sites along Cedar Creek. Sediment oxygen demands and
bottom-material constituent concentrations were determined at 45 locations in
the creek and tributaries. Data were collected from May through December 1985,
and from March through October 1986.

Storm-related water-quality samples from Cedar Creek indicate that concen-
trations of copper, lead, cadmium, zinc, iron, manganese, and dissolved solids
exceeded the State general-use water—-quality standards. Combined-sewer over-
flow concentrations of total suspended solids, zinc, iron, and oxygen-demanding
wastes exceeded the State effluent standards. Odors and the amount of floating
material may indicate that the combined-sewer overflows also exceeded the
State standard on offensive discharges. Storm-sewer discharge concentrations
of lead, iron, and dissolved solids also exceeded the State effluent standards.

Bottom-material constituent concentrations of mercury, lead, chromium,
cadmium, and zinc were extremely high compared to mean background concentra-
tions for Illinois. Sediment oxygen demands ranged from 0.4 to 9.1 grams per
square meter per day. Agricultural runoff contributes a substantial amount of
suspended solids and oxygen-demanding materials, but these sources are, for the
most part, downstream from the areas of bottom material having high sediment
oxygen demands. Bottom-material samples and the locations of the subreaches
with high sediment oxygen demands indicate that runoff from the ongoing con-
struction of U.S. Highway 34 did not contribute substantial amounts of metals
or oxygen—-demanding sediments. The locations of the majority of sites with
elevated sediment-oxygen—-demand rates and bottom-material constituent concen-
trations indicate that major sources of constituents are runoff from combined
sewers and storm sewers and effluent from the Galesburg wastewater-treatment
facility. A sludge-application field located just upstream from the wastewater-
treatment facility also is a possible source of oxygen-demanding materials.
Runoff from combined sewers is a major source of cadmium, copper, lead, and
zinc in streamflow and bottom materials in Cedar Creek. The wastewater-
treatment-facility effluent and runoff from the storm sewers are major sources
of mercury and chromium, respectively, in streamflow and bottom materials in
Cedar Creek. Mercury from the wastewater-treatment facility is most likely in
the dissolved phase because suspended-solids concentrations are very low com-
pared to other sources of runoff.



INTRODUCTION
Background

Assessment of the characteristics of storm runoff and its effects on water
quality in a receiving stream requires knowledge of the environmental processes
in the stream as well as knowledge of the constituent loads contributed by the
runoff. Several studies to characterize the effect of urban runoff on stream-
flow have been conducted since the Nationwide Urban Runoff Program began in
1978. Similar studies that examine runoff from rural areas have been conducted
more recently under the Rural Clean Water Program (Dressing, 1987). Many of
these studies have indicated that the effect of runoff on the water quality of
the receiving stream is fairly localized, of short duration, and generally
limited to the high-flow period caused by the storm. However, as the stream
conditions return to prestorm levels, suspended solids contributed by storm
runoff can settle to the streambed and form deposits having high constituent
concentrations or high oyxgen demands (Athayde, 1984; Clarke, 1984). This
implies that the effect of storm runoff on water quality is most evident
during subsequent low-flow periods, when dilution by streamflow is reduced and
dissolved-oxygen concentrations may be low.

Physical and chemical characteristics of storm runoff depend on many fac-
tors including size, topography, surface cover, and land use of the drainage
basin; antecedent soil-~moisture conditions; and characteristics of the storm.
The most important of these factors is land use (Wanielista and others, 1977;
Polls and Lanyon, 1980; Novotny and others, 1985; and Dressing, 1987).
Agricultural runoff differs from urban runoff just as, within an urban area,
runof £ from an industrial region will differ from residential runoff.
Constituent loads contributed by these different sources of runoff will have
differing effects on the receiving stream.

The U.S. Geological Survey, in cooperation with the Illinois Environmental
Protection Agency (IEPA), has conducted several stream-quality-assessment
studies in Illinois. This study focuses on Cedar Creek, a small stream in
west-central Illinois, and is the first of these studies to assess the water-
quality characteristics of storm runoff.

A report by the Illinois State Water Survey (1916) indicates that very
severe pollution problems existed in Cedar Creek in the early 1900's. Although
the water quality of Cedar Creek appears to have improved since then, more
recent studies by the IEPA, the Galesburg Sanitary District (GSD) (Ken Newman,
Illinois Environmental Protection Agency, written commun., 1985), and by Clark,
Dietz, and Associates (1980) indicate that water in Cedar Creek still does not
meet State water-quality standards in several subreaches. These studies indi-
cate that dissolved-oxygen concentrations, in particular, were below the mini~
mum concentration required by the State general-use water-quality standard
(Illinois Pollution Control Board, 1986).

The purpose of this study was to describe the water quality of Cedar Creek
and to determine cause-and-effect relations of processes that affect the water
quality in the creek. This study was approached in two phases. The first
phase, described by Schmidt and others (1989), was an assessment of the low-
flow water quality of Cedar Creek. The second phase, described in this report,



is an assessment 'of storm-runoff quality and storm-related constituent loads.
The first phase of this study identified sediment oxygen demand as the primary
process causing low dissolved-oxygen concentrations in Cedar Creek. Because
of this, a major focus on the second phase of the study is to characterize
bottom materials and identify sources of sediments to the creek. The data-
collection methods and summaries of the data for both phases of the project
are described by McFarlane and others (1987).

Purpose and Scope

The purpose of this report is to describe the storm-related sources of
chemical constituents that affect the water quality of Cedar Creek. In par-
ticular, the purpose is to describe the characteristics of combined-sewer
overflows and storm—-sewer discharges from the city of Galesburg and their
contribution to constituent loads and bottom materials in the creek.

This report details the interpretation methods and results used to
describe storm runoff and to identify the primary storm-related sources of
several constituents to Cedar Creek. This report includes discussion of the
duration, accumulation, and intensity of precipitation for several storms;
the frequency, duration, and peak discharge of overflow from each of 49 com-
bined sewers within the study reach; the constituent concentrations determined
from samples of combined-sewer overflow, storm-sewer discharge, wastewater-
treatment-facility effluent, and streamflow; the sediment oxygen demands and
bottom-material constituent concentrations determined from 45 sites in Cedar
Creek and its tributaries; and the storm-related discharge volumes from each
of seven sources of storm runoff. The seven sources of storm runoff are flow
from upstream of Galesburg, overflow from combined sewers, discharge from
separate storm sewers, effluent from the wastewater-treatment facility, and
discharges from three tributaries draining agricultural land. Constituent
loads for these seven sources are estimated from constituent concentrations
and discharge volumes from samples and measurements made primarily during five
storms in 1986. The storm-related constituent loads are used to determine the
percentage of the total load that is contributed by each of the seven sources
of runoff. These results, in conjunction with the locations of elevated sedi-
ment oxygen demands and bottom-material constituent concentrations, indicate
the effect of storm runoff on water quality of Cedar Creek.

Study Area

Cedar Creek drains 165 mi2 (square miles) of Knox, Warren, and Henderson
Counties in west~central Illinois. This study focused on a 26.2-mile reach
of Cedar Creek from near its headwaters at RM (river mile) 45.2 (45.2 miles
above the mouth of Cedar Creek) to the confluence of Markham Creek with Cedar
Creek (RM 19.0) (fig. 1). Figure 2 shows the land-use characteristics of the
66.9-mi2 study area. Almost 80 percent of the basin is cropland or pasture.
Galesburg (population 35,305, U.S. Census Bureau, 1980) is the only urban area
in the study basin. The land use in Galesburg is 56.5 percent residential;
26.0 percent commercial; 7.2 percent cropland or pasture; 5.5 percent indus-
trial; 3.1 percent transportation, communications, and utilities (much of
which is railways); and 1.7 percent other uses (U.S. Geological Survey, 1979).
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The upstream part of the creek is highly channelized and includes a
concrete-lined subreach in Galesburg. Several other subreaches of Cedar Creek
also have been channelized by the Illinois Department of Transportation (IDOT)
as a part of the construction of U.S. Highway 34. This construction was
taking place during the study.

Downstream from its headwaters, the first 4.5 miles of the creek (head-
waters to site 3) flow intermittently in a natural channel containing several
pools and riffles (fig. 3). The streambed is composed of silt and clay and
contains some organic material washed from the farm fields at the creek's
headwaters. Trees lining a part of this subreach contribute leaf litter to
the organic material in the stream. Part of the subreach without trees--that
is open to sunlight--supports macrophytic growth during the summer. Streamflow
velocities are low through this entire subreach, and, although the streamflow
is intermittent, there is usually some flow, and the pools almost always con-
tain water. Site 1 (fig. 3) was located in this subreach at RM 45.2 to provide
information on the quality and quantity of flow from upstream of Galesburg.
Table 1 describes the data-collection sites shown in figure 3.

The next 1.8 miles of Cedar Creek (site 3 to site 5) are concrete lined
and contain about 120 combined-sewer and storm-sewer outfall pipes that dis-
charge to the creek. There is little bottom material in this subreach because
velocities are fast enough to transport the material farther downstream. This
subreach flows intermittently, but ground-water inflow through cracks in the
concrete-lined channel and from infiltration to storm sewers generally main-
tains some flow in the channel. During the summer, abundant growths of peri-
phyton cover the channel bottom.

From the end of the concrete channel downstream 2.0 miles to the
wastewater-treatment-facility outfall (site 5 to site WWTF), the streambed is
composed of clay, sand, and silt. Velocities in this subreach are very low,
and suspended materials tend to settle out. There are extensive deposits of
silt and sludge-like material. Site 8 was located in this subreach at RM 40.8
to provide information on the quality and quantity of flow leaving Galesburg.

The remaining 21.2 miles of the study reach (site WWTF to site 20) are a
natural meandering channel with a regular pattern of pools and riffles. The
streambed is composed primarily of silt and clay material. Sites 11, 14, and
18 (RM 38.1, 31.9, and 24.7) were located in this subreach to characterize the
quality and quantity of flow in Cedar Creek. Five sections of this subreach
were channelized as a part of the construction of U.S. Highway 34. The long-
est of these is the 0.36-mile section downstream from RM 37.4 (downstream from
site 11) (fig. 4).

There are several sections in each subreach with large deposits of
organic sludge-like material. The largest of these deposits is upstream from
the channel modification at RM 39.5 (fig. 4). This channel modification is a
high-flow diversion where low and medium flows follow the natural channel and
high flows follow a straight section bypassing the natural channel. A bend in
the creek and a rubble dam that routes low flows to the natural channel cause
an eddy where velocities are low, and suspended materials settle to the stream-
bed. Because velocities in the natural channel are seldom fast enough to
resuspend bottom materials, the entire section of natural channel around the
high-flow diversion contains large deposits of sludge and silt.
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Table 1.--Stream and precipitation data-collection site descriptions

[site codes correspond to those in figures 1 and 5-8 of
this report; dashes indicate no data]

River Drainage
mile area
Site Station above (square
code number } mouth miles) Site name and location
Stream sites
1 05468200 45.2 2.08 Cedar Creek at Farnham Street at
Galesburg
Lat: 40°58'07" Long: 90°20'42"
3 05468210 44.0 2.80 Cedar Creek at Losey Street at
Galesburg
Lat: 40°57'17" Long: 90°21'12"
A - 43,2 - Cedar Creek at Kellogg Street at
Galesburg
Lat: 40°57'04" Long: 90°21'58"
B - 42.7 - Cedar Creek at Academy Street at
Galesburg
Lat: 40°56'57" 1long: 90°22'33"
5 05468220 42.2 8.01 Cedar Creek at Henderson Street
at Galesburg
Lat: 40°56'46" Long: 90°23'01"
C - -- - Railroad Creek at Depot Street at
Galesburg
Lat: 40°56'45" 1Long: 90°22'52"
6 05468225 41.6 8.45 Cedar Creek at McClure Street at
Galesburg
Lat: 40°56'35" Long: 90°23'44"
8 05468240 40.8 11.6 Cedar Creek at Highway 34 at
Galesburg
Lat: 40°56'31" Long: 90°24'34"
WWTF 405617090250101 40.2 -- Galesburg Sanitary District

wastewater-treatment-facility
outfall at Galesburg
Lat: 40°56'17" Long: 90°25'01"



Table 1.--Stream and precipitation data-collection

site descriptions--Continued

River Drainage
mile area
Site Station above (square
code number mouth  miles) Site name and location
Stream sites--Continued
1 05468265 38.1 20.2 Cedar Creek at County Line Road
near Galesburg
Lat: 40°55'43" Long: 90°26'28"
14 05468308 31.9 36.9 Cedar Creek at Road 1500 E near
Coldbrook
Lat: 40°55'16" Long: 90°29'53"
18 05468367 24.7 60.8 Cedar Creek at Road 1100 E near
Mommouth
Lat: 40°55'S0" Long: 90°34°'23"
20 05468400 19.0 66.9 Cedar Creek above mouth of
Markham Creek near Monmouth
Lat: 40°57'27" Long: 90°37'14"
(not a data-collection site for
this phase of the project)
T21 05468253 239.3 3.82 Cedar Creek Tributary No. 1 at
Road 1450 N at Galesburg
Lat: 40°55'29" 1ILong: 90°25'17"
T23 05468280  237.7 6.98 Cedar Creek Tributary No. 2 at
Road 2100 N near Galesburg
Lat: 40°55'58" Long: 90°26'39"
T24 05468293 237.0 4.52 Cedar Creek Tributary No. 3 at
Atchison, Topeka, and Santa Fe
Railroad near Galesburg
Lat: 40°55'18" ©Long: 90°26°'39"
Precipitation sites
1 05468200 45.2 - Cedar Creek at Farnham Street at

RG2 405544090230501 --

Galesburg

Lat: 40°58'07" Long 90°20'42"

Henderson Street at Galesburg

Lat: 40°55'44" ©Long 90°23'05"



Table 1.-~Stream and precipitation data=-collection
site descriptions--Continued

River Drainage
mile area
Site Station above (square
code number ! mouth miles) Site name and location
Precipitation sites~~Continued
RG3 405256090294201 -— - Road 1750 N at Cameron
Lat: 40°52'56" ©Long: 90°29'42"
RG4 405756090262701 et - County Line Road near Galesburg
Lat: 40°57'56" Long: 90°26'27"
18 05468367 24.7 - Cedar Creek at Roade 1100 E near
Monmouth

Lat: 40°55'50" ILong: 90°34'23"

l station numbers refer to the site identifications used in the
U.S. Geological Survey's National Water Information System computerized data

base.

2 River miles indicates the location of the mouth of the tributary above
the mouth of Cedar Creek.
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Other areas of deposition generally are associated with reduced stream
velocities because of deep pools or bends in the channel. One of these areas
is upstream from the wastewater-treatment facility. Velocities are low enough
that suspended materials settle and sludge-like bottom materials accumulate
and raise sediment oxygen demands. Velocities in this subreach, however, are
fast enough during periods of high flow to resuspend much of the bottom
material and transport it farther downstream.

Surface runoff at Galesburg is drained primarily by cambined sewers,
although a large part of the city also is drained by separate storm sewers.
In many cases, the combined- and storm-sewered areas coincide. Most of the
combined-sewer systems consist of vitrified clay pipe. Inspection of the con-
dition of the combined-sewer system has shown many cracks and joint separa-
tions, which make infiltration of ground water a possible problem (Huff and
others, 1981). The GSD has been actively reducing the number of storm-drainage
connections to the combined-sewer system. However, infiltration to the system
and storm-drainage connections that still (1986) exist overload the system
during storms and cause overflows to Cedar Creek.

Combined sewage can overflow either directly to the creek or to storm
sewers that discharge to the creek at 49 points in the system. Combined sewers
overflow when captured storm runoff exceeds their capacity or when flow to the
interceptor sewer is obstructed. Figure 5 shows a diagram of a typical over-
flow drainage structure in Galesburg. The location of these combined-sewer
overflow structures, as well as the location of several of the major storm
sewers, are shown in figures 6 through 9 and are described in appendix A at
the end of this report.
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METHODS OF DATA COLLECTION AND INTERPRETATION

Data-collection methods and data summaries are described in detail by
McFarlane and others (1987). The following is a brief description of the
data-collection methods for the second phase of the study as well as a some-
what more detailed description of some of the calculations used to interpret

these data.
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Manhole

EXPLANATION

H is the height of water in the manhole.
N -
= = z is the height of the weir.
s o}
.5 5 L'’ is the length of the overflow pipe
] . .
3_,) ul from section | to section 2, and
L v v d is the diameter of the overflow pipe.
- Lateral
1 overflow H (inflow)

dl to creek

Weir

Main
interceptor to
wastewater
treatment
facility

NOT TO SCALE

Orifice to
interceptor

NOT TO SCALE

Figure 5.-~Typical combined-sewer overflow structure in Galesburg
(modified from McFarlane and others, 1987, fig. 2).
Symbols refer to equations 3 through 6 of this report.

Precipitation

Rain gages were installed at five locations in (or near) the study area
(fig. 3). Tipping-bucket rain gages were used to measure precipitation in
1/100-inch increments. Precipitation quantities were totaled using 5-minute
time intervals.

Seventy-one storms were monitored between August and November 1985 and
between May and October 1986. For this project, a storm was considered to be
a period of precipitation with a 2-hour period of no precipitation both preced-
ing and following it. Samples of runoff and streamflow were collected during
five storms in 1986--May 16-20, July 7-10, July 31 to August 1, August 26-27,
and September 11-12,
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EXPLANATION
Q—Monitored manhole, SS indicates storm-sewer
and C indicates combined sewer

(for description refer to appendix A)

@——Crest—stage gage

(for description refer to table 1)
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Figure 6.--Location of selected storm sewers, combined sewers, and crest-
stage gages in the northeastern quarter of Galesburg (from
McFarlane and others, 1987, fig. 5).

Precipitation characteristics calculated from two rain gages (sites 1 and
RG2) were related to characteristics of combined-sewer overflow, storm-sewer
discharges, and percent runoff from Galesburg. Descriptive characteristics
for the storms were developed from area-weighted averages determined using the
Theissen method (Linsley and Franzini, 1964, p. 13-14).

Combined sewers were examined after every storm, when possible, to deter-

mine if an overflow had occurred. Storms often occurred too frequently,
however, to allow time for examination of the combined sewers. Methods for
monitoring the combined sewers are described in a later section of this report.
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EXPLANATION

Monitored manhole, SS indicates storm-

sewer and C indicates combined-sewer
(for description refer to appendix A)
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Figure 7.--Location of selected storm sewers, combined sewers, and crest-
stage gages in the northwestern quarter of Galesburg (modified
from McFarlane and others, 1987, fig. 6).
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EXPLANATION

&Monltored manhole, SS indicates storm-sewer and
C indicates combined-sewer (for description
refer to appendix A)

@—— Crest-stage gage (for description refer to table 1)

Figure 8.--Location of selected storm sewers, combined
sewers, and crest-stage gages in the south-
eastern quarter of Galesburg (from McFarlane
and others, 1987, fig. 7).

The period between each time the combined sewers were examined will be referred
to as a monitoring period. Combined sewers were monitored for 33 periods in
1985 and 1986. Bach of these monitoring periods included one or more storms.

Total accumulated precipitation was calculated from the Theissen-averaged
data for each of these 33 periods, and the total precipitation from the largest
storm occurring during a monitoring period also was calculated. Maximum 1-hour
intensity was calculated from Theissen-averaged data summed over 1-hour periods.

Antecedent-precipitation indices were developed using a method described
by Viessman and others (1977, p. 99-101). PFor the calculations used in this
report, precipitation for 10 days prior to a storm was assumed to have an
effect on the moisture content of the soil and, thus, the amount of water that
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EXPLANATION

Monitored manhole, SS indicates storm-sewer and C indicates combined-sewer
RR1 indicates Railroad Creek, a storm water conveyance (for description refer to
appendix A)

@-— Crest-stage gage (for description refer to table 1)

Figure 9.--Location of selected storm sewers, combined sewers, and crest-

stage gages in the southwestern quarter of Galesburg (from
McFarlane and others, 1987, fig. 8).
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could be absorbed. 1In calculating the antecedent-precipitation index, total
S5-minute precipitation values were weighted exponentially so that precipita-
tion 10 days prior to the storm would have the least weight and precipitation
5 minutes prior to the storm would have the most weight. The equation used is
as follows:

P, = byggp P2ggo + P2g79 P2g79 * ----c + by Py (1)

where P, is the antecedent-precipitation index;

b 1is the coefficient ranging exponentially from 0.04 (for 2,880
S-minute periods prior to current storm) to 0.99 (for one
5-minute period prior to current storm); and

p is the total 5-minute precipitation [the subscripts indicate
the length of time prior to the storm from 10 days (2,880)

to 5 minutes (1)].

The method described above generally is not used for a single storm; cal-
culations usually are based on daily totals instead of 5-minute totals. It was
necessary for this study, however, to develop indices for individual storms
because short-term antecedent conditions were expected to have some effect on

the quantity and quality of runoff from Galesburg.

Discharge Rates and Volumes

Cedar Creek and Its Tributaries

Continuous-stage recorders were installed at five sites on Cedar Creek
(sites 1, 8, 11, 14, and 18) and at sites on three tributaries (sites T21, T23,
and T24) (fig. 3 and table 1). Discharge was measured several times at each
site, under differing conditions, to develop stage-discharge relations by use
of methods described by Rantz and others (1982). Discharge was estimated from
stage measurements by use of these relations.

These eight sites were automated, but equipment malfunctions did occur.
The most reliable site was site 14, which was used as an index gage of stream
discharge for the project. Most problems occurred at site 8, the only site
where stage was monitored using pressure transducers. The pressure trans-
ducers were difficult to calibrate; did not hold a calibration; and, because
of sensing methods, stage readings would fluctuate enough to require time
averaging. Sites T21 and T23 were subject to flooding, which also caused
equipment malfunctions.

The total volume of discharge for each storm was defined as the amount of
water that passed a site within a certain period. The period was based on the
shape of the flow hydrograph and the traveltime of the peak of the hydrograph.
The period for the five creek sites began when the discharge rose to 1.5 times
the mean base discharge, as determined from the stage record immediately pre-
ceding the storm. The period ended when discharge had receded to near the
mean base discharge. The traveltime from site to site was reviewed to verify
that the duration, starting time, and ending time were reasonable from one
site to the next.

18



The period over which discharge was summed to determine volume for the
three tributary sites was based on the traveltime from the mouth of the tribu-
tary to the next site on Cedar Creek downstream from the mouth. The time
period at the tributary site was equal to the period at the creek site but was
offset by the traveltime. This period was chosen to account for the flow from
the tributary that contributed to the volume of flow at the next creek site
downstream. This method can slightly overestimate the contribution from the

tributaries.

Some stage records for sites were lost because of equipment malfunctions.
When records were lost, volumes at a site for a storm event were estimated on
the basis of drainage area and records from surrounding sites. This was
accomplished by use of the following equation:

VU.=Vk "'Vi - (CkxDx)r (2)

where V., is the unknown volume for the upstream site,
Vi is the known volume from the downstream site,

V. 1is the volume of any inflows between the upstream and
downstream sites,

Cx is the runoff coefficient for the known site (calculated
by dividing the volume of runoff by the drainage area
for the site), and

D is the intervening drainage area minus the drainage areas
for the known inflows.

The volume at site 8 was used to calculate the discharge from Galesburg.
This calculation was important in determining the amount of storm-sewer dis-
charge. Site 8 also was the site with the most missing record. Stage record
for four of the five storms sampled in 1986 (May 16-20, July 7-10, July 31 to
August 1, and August 26-27) were missing at site 8. Comparisons between
volumes calculated from stage records at site 8 and volumes calculated using
equation 2 indicate that the results from equation 2 may be in error by as
much as plus or minus 20 percent. Equation 2 also was used to estimate the
discharge volume at site 11 for three of the five storms (May 16-20, July 31
to August 1, and August 26-27). Comparisons with volumes from stage records
at site 11 also indicate that the results fram equation 2 may be in error by
as much as plus or minus 20 percent.

Discharge volumes at Tributary No. 1 and Tributary No. 2 (sites T21 and
T23) were estimated for the second of the five sampled storms (July 7-10) by
multiplying the drainage area of each tributary by the runoff coefficient for
Tributary No. 3. Comparisons with measured values indicate that this method
is fairly accurate for Tributary No. 2 (plus or minus 5 percent), but it may
substantially underestimate the volume from Tributary No. 1. The discharge
volume at Tributary No. 3 (site T24) for the first of the five sampled storms
(May 16-20) was estimated by multiplying the drainage area by the runoff coef-
ficient for Tributary No. 2. Comparisons with measured results indicate that
for volumes in this range (5 to 10 million cubic feet) the estimated results
may be in error by as much as plus or minus 40 percent.
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Many of the discharge volumes for this phase of the study were estimated.
The comparisons between estimated and measured discharge volumes, as described
above, indicate that there may be a significant amount of error in the
estimates. There are not enough measured values, however, to develop improved
methods of estimating volume; so these estimates, along with measured values,
when available, are used for calculations in the remainder of this report.

The volume of streamflow contributed by runoff from Galesburg was calcu-
lated by subtracting the discharge volume at site 1 from the discharge volume
at site 8 (fig. 3). The percent runoff for Galesburg (percentage of total
precipitation to reach the creek) was determined by dividing the volume of
runoff from Galesburg by the product of the total precipitation and the inter-
vening drainage area.

Runoff From Galesburg

All flow data from the wastewater-treatment facility are based on stage
above a sharp-crested weir located at the entrance to the discharge pipe to
the stream. Stage was measured by personnel of the Galesburg Sanitary District
nine times daily, and discharge was estimated from a stage-discharge rating for
the weir. Volume was determined by summing discharge over a certain period.
The period was based on the traveltime from the effluent discharge pipe to the
next site on Cedar Creek downstream from the discharge pipe. The period was
set equal to the period at the creek site but was offset by the traveltime.
This period was chosen to account for the flow from the wastewater-treatment
facility that contributed to the volume of flow at the next creek site
downstream. This method can slightly overestimate the contribution from the
wastewater-treatment facility.

All 49 combined sewers were monitored to determine if they overflowed with
each storm event. The outfall pipes and the crests of the weirs were coated
with a chalk-water mixture between storms to identify if flow in the pipe had
occurred. Crest-stage gages and flow-duration timers were used in 24 of the
combined-sewer manholes to identify the peak-flow stage and the flow duration.
Flow-duration timers also were installed by the GSD. These timers gave reli-
able results that were used for most overflow-volume calculations. Two of the
49 combined-sewer overflows were instrumented with dye-injection equipment,
automatic samplers, and ultrasonic stage sensors. A complete description of
the sampling and monitoring methods is provided by McFarlane and others (1987,
p. 23-28).

Appendix B, at the end of this report, describes the physical character-
istics and locations of the combined sewers in Galesburg. Included in this
appendix is a ranking of the combined sewers on the basis of the frequency of
overflows monitored during this study. A rank of 1 indicates that the pipe
overflowed more frequently and a rank of 49 indicates that the pipe overflowed
less frequently. This ranking is just an approximation and includes some less-
reliable data from 1985. Ties were broken by comparing the number of times
overflow results were uncertain (sewers with greater uncertainty were assumed
to overflow less frequently).
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Overflow characteristics were determined for use in estimating constituent
loads to the receiving stream. If no overflow-duration data were available for
a given combined-sewer overflow structure, then both the maximum duration and
the mean duration of overflows measured from all the combined sewers for that
storm event were used to give a possible range. Durations greater than 20
hours were considered to be outliers and were not used to calculate the maxi-~
mum or mean duration results. The U.S. Geological Survey flow-duration timer
results were used if the value was lower than the GSD duration value or lower
than the maximum duration when GSD duration data were not available because
some of the U.S. Geological Survey timers would not always stop timing after
the overflow had stopped.

Peak discharge rates from the combined sewers were calculated using one
or more of four theoretical discharge equations. If the peak elevation of the
water above the weir (fig. 5) were known, this information and the diameter of
the outfall pipe were used to determine which of the theoretical equations to
use. If the height of the water in the manhole (H) divided by the diameter of
the outfall pipe (d) was less than 1.2, the following sharp-crested-weir for-
mula described by Chow (1959, p. 360-362, was used:

Q =crh'-3, (3)

3.27 + 0.40(h/z), in £t0:3/s;
= L' - 0.02h, in feet;

where

is the discharge, in cubic feet per second;

g0 B0

is the height of water above the weir, in feet;

is the height of the weir, in feet; and

N

L' is the length of the weir, in feet.

If the value of the height of water in the manhole (H) divided by the diameter
of the outfall pipe (d) were equal to or greater than 1.2, the following ori-
fice flow formula described by Chow (1959, p. 467-469) was used:

Q = 0.81a \/2qH, (4)

where = w(d/2)2, area, in square feet;

A
g 1is the acceleration due to gravity, in feet per second squared;
H is the height of water in the manhole, in feet;

d is the diameter of the outfall pipe, in feet; and

all other variables are as described above.

Several combined-sewer overflow structures did not have stage-monitoring
equipment, so that peak stage above the weir was not measured. Maximum dis-
charge for these overflow pipes was calculated from the maximum elevation of
flow as determined by the chalk washed from sections 1 and 2 in the overflow
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pipes (fig. 5). These calculations used one or both of the following methods
--a variation on the slope area method described by Chow (1959, p. 3-16)

2g(Ay-hg)
Q = a, , £ s (5)

where he = £(L"/d)(v2/(29)),
£ = 116n2/R0'33, for inch-pound units;

a 1is the cross-sectional area of flow (1 and 2 indicate upstream
and downstream sections, respectively), in square feet;

Ay is the difference in water-surface elevation between sections 1
and 2, in feet;

hg 1is the loss due to friction in the pipe, in feet;
f is the dimensionless Darcy friction coefficient;
L"®™ is the distance between sections 1 and 2, in feet;
v is the velocity, in feet per second;

n is the dimensionless Manning's roughness coefficient (Chow,
1959, p. 110);

R is the hydraulic radius, in feet; and

all other variables are as described above;

or the following California pipe equation for free overfall described by
Henderson (1966, p. 197):

0 = 1.55(h'/a) '+ 88 (42 |ga), (6)

where h' 1is the peak stage measured just inside the outfall pipe
(section 2), in feet; and

all other variables are as described above.

For those pipes where peak discharge could not be determined, the mean of the
peak-discharge rates determined from all of the other pipes for that storm was
used.

Two methods were used to calculate the volume of overflow fram each pipe
for each storm. These methods gave a range in overflow volume by indicating
the high and low boundaries. The first assumed a Gaussian-type distribution
of discharge over time (fig. 10A) and that the overflow durations for pipes
without duration data were equal to the maximum measured duration (excluding
outliers) for that storm. For these assumptions, volume of overflow was cal-
culated by multiplying 50 percent (coefficient representing flow distribution
= 0.50) of the peak discharge rate (to account for Gaussian-type distribution)
by the duration. The Gaussian-type distribution was chosen as a first approxi-
mation of the shape of the overflow hydrograph. The shape of the hydrograph
was measured for only 2 of the 49 pipes and only for a few of the storms.
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Figure 10.~-An example of (A) theoretical Gaussian-type distribution
of overflow discharge and (B) the distribution of over-
flow discharge for a site equipped with an ultrasonic

stage sensor (site C22) (modified from McFarlane and
others, 1987, fig. 13).

These measured results indicate that the Gaussian approximation may overesti-
mate the volume. Thus, by using this approximation and the maximum duration
for those pipes without known duration values, a maximum boundary for the range
in overflow volume was obtained.

Two of the combined sewers (C6 and C22) used ultrasonic stage recorders.

Figure 10B shows an example of the discharge determined from site C22. Volumes
were calculated from the stage data with the sharp-crested weir or orifice flow
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formulas (equations 3 or 4). Because of equipment malfunctions, however,
results were only obtained for four overflow events. One event was signifi-
cantly different from the rest and was not considered. The remaining three
were used with the measured duration to solve for the coefficient representing
flow distribution. These results indicate that volume calculations using a
coefficient of 0.50 will overestimate the overflow volumes. The coefficients
determined from sites C6 and C22 ranged from 0.34 to 0.42, The mean value of
0.37 was used to calculate volumes.

The second method used to calculate overflow volumes assumed a distribu-
tion similar to that measured at sites C6 and C22 and that the overflow dura-
tions for pipes without duration data were equal to the mean of the measured
durations (excluding outliers). Volume of overflow for these assumptions was
calculated by multiplying 37 percent (coefficient representing flow distribu-
tion = 0.37) of the peak-discharge rate (to account for the distribution simi-
lar to sites C6 and C22) by the duration. Calculations based on the mean
duration yielded the low boundary for the range in overflow volume. Values
from both calculation methods will be used throughout this report. Appendix B,
at the end of this report, summarizes the combined-sewer overflow duration,
peak discharge, and overflow volume for 11 of the 18 periods monitored in 1986.
Volumes for the remaining seven periods were insignificant. Comparisons
between U.S. Geological Survey and GSD overflow frequency results indicate that
there are some combined sewers that are listed as having no data or no flow in
table 14 of the report by McFarlane and others (1987, p. 137-147) that are in
error. These discrepancies are noted in Appendix B of this report.

The total volume discharged from all the combined-sewer overflows during
a storm was determined by summing the volumes from the individual pipes.
Because there were two values calculated for each pipe (maximum durations and
Gaussian-type distribution, and average durations and a distribution similar
to that measured for sites C6 and C22), two total volumes also were calculated
for all of the pipes. These two total combined-sewer overflow volumes are
referred to as the maximum and average overflow volumes for the remainder of
this report. Regression techniques were used to relate combined-sewer overflow
characteristics such as the number, duration, and volume of overflow with pre-
cipitation characteristics.

Volume of storm-sewer discharge was calculated by subtracting the total
volume of combined-sewer overflow from the total runoff contributed by
Galesburg. Because two values were estimated for overflow volume, two values
also were determined for storm-sewer discharge volume. As previously dis-
cussed, this gave a probable range in the volume of discharge for both the
storm sewers and combined sewers. The storm-sewer discharge volume determined
from maximum overflow volume is smaller than the volume determined from average
overflow volume. These two values of storm-sewer discharge, however, also are
referred to as maximum and average, even though the values may make these
labels seem incongruous.

Two of the storm sewers (sites SS24 and SS35) were equipped with automatic
stage-activated samplers and dye-injection systems. Results from dye-dilution
discharge calculations were not reliable (dye-mixing lengths were insufficient
to mix the dye and discharge was too unsteady) and are not reported.
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Water Quality and Constituent Loads

Cedar Creek and Its Tributaries

Automatic stage-activated samplers were used at five sites on Cedar Creek
(sites 1, 8, 11, 14, and 18) and at three tributary sites (sites T21, T23, and
T24) (fig. 3, table 1). A rise in the stage triggered a series of timed sample
collections. Each sampler could collect as many as six samples without being
serviced. Equipment failure reduced the number or volume of samples collected
on several occasions. Complete coverage of a storm hydrograph was not always
obtained because of the limits on the number of samples that could be collected
by the samplers and the difficulty in setting sampling frequencies to cover
rising and falling limbs of hydrographs with differing durations. A detailed
description of sampling methods, problems, and results is presented by
McFarlane and others (1987, p. 23-28).

Concentrations of as many as 39 constituents were determined from the
samples collected by the automatic samplers. Each water sample was analyzed
in the IEPA laboratory to determine specific conductance and concentrations of
total ammonia nitrogen, total nitrite plus nitrate nitrogen, total organic plus
ammonia nitrogen (total Kjeldahl nitrogen), total phosphorus, total suspended
solids, volatile suspended solids, and total organic carbon. Approximately 50
percent of the samples were analyzed for chemical oxygen demand; ultimate car-
bonaceous BOD (biochemical oxygen demand); total arsenic and fluoride, and 21
metals—--total calcium, magnesium, sodium, potassium, barium, boron, beryllium,
cadmium, chromium, copper, cobalt, iron, lead, manganese, nickel, silver,
strontium, vanadium, zinc, aluminum, and mercury. If sample volumes were
insufficient to analyze for the entire group of constituents, analyses for
chemical oxygen demand and ultimate carbonaceous BOD were given priority.
Finally, one sample from each site was analyzed for hardness, chloride, sul-
fate, phenols, total BOD, and dissolved solids. Samples were analyzed using
IEPA laboratory methods (Illinois Environmental Protection Agency, 1986).
Results of all analyses are listed by McFarlane and others (1987, p. 147-177).

Descriptive statistics of the constituent concentrations were determined
using a computerized statistical program. These statistics include low, high,
mean, standard deviation, and median concentrations for each constituent.
Constituent concentrations that were less than the detection limit of the ana-
lytical method were considered missing values and were not used to determine
most of the descriptive statistics. Median concentrations, however, were cal-
culated using two methods. The first method assumes that less-than-detection
values are missing, and the second method assumes that all less-than-detection
values are equal to the detection limit. Appendix C, at the end of this
report, lists the descriptive statistics for each of the eight creek and trib-
utary sites, the wastewater-treatment facility, the combined sewers (together),
the storm sewers (together), and Railroad Creek (Site RR1, fig. 9), which is a
storm-runoff conveyance for a large part of Galesburg. Descriptive statistics
are listed for results from samples collected during each of the five sampled
storms in 1986 and for the results from all five storms combined for each site.
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Loads were calculated as the product of the median concentration
(determined by setting the less-than-detection values equal to the analytical
detection limit) and the flow volume. This method was chosen because, in most
instances, data were insufficient to show changes in concentration over time
to improve the accuracy of calculated total loads. If the median concentration
was determined from only one sample, it was not considered to be representative
of the storm. For these cases, the median concentration determined from the
samples collected for all of the storms at that site was used to calculate the
loads using the following equation:

Id=Mxc xV, (7)

where Ld 1is the contaminant load, in pounds;
M is the median concentration, in milligrams per liter;

c is a constant (0.000062426) to convert milligrams per liter
to pounds per cubic foot; and

\'4 is the volume, in cubic feet.

Runoff From Galesburg

Eight of the 49 combined-sewer overflow structures were equipped with
single-stage samplers. These samplers were installed so that when the stage
inside the manhole reached an elevation where it would overflow the weir,
siphon action caused a sample to be collected of the first overflow from these
combined sewers. In addition to these single-stage samplers, 2 of the 49
combined-sewer overflow structures (C6 and C22), two major storm sewers (SS24
and SS35), Railroad Creek (RR1), and the wastewater-treatment facility outfall
(WWTF) were equipped with automatic stage—activated samplers (figs. 3, 6-9).
These samplers collected six samples on a time basis similar to the samplers
at the creek and tributary sites. The samplers were activated by a rise in
stage above a specified level in the manhole or, in the case of the wastewater-
treatment facility, a rise in stage in the creek. Additional samples were
collected manually from some of the other combined-sewer and storm-sewer
discharges.

Samples were analyzed for the same constituents as described for the creek
and tributary samples. Sample volume was sometimes insufficient to determine
the concentrations of all constituents. Analyses were prioritized with the
same scheme used for the creek and tributary samples. Descriptive statistics
for combined-sewer overflows were determined using the results from all of the
combined sewers where samples were collected. Similarly, all of the storm
sewers were used to develop the descriptive statistics for storm-sewer dis-
charge. Railroad Creek, a large storm-runoff conveyance that receives overflow
from up to nine combined sewers, was not considered to be representative of
either storm-sewer discharge or combined-sewer overflow quality. Descriptive
statistics are listed in appendix C at the end of this report.
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Median concentrations, determined for each of the five sampled storms,
were used with discharge volume to calculate constituent loads from combined
sewers and storm sewers. As previously discussed, constituent concentrations
that were less than the analytical detection limit were set equal to the
detection limit to determine medians. If the median concentration was deter-
mined from only one sample, it was not considered to be representative. For
these cases, loads were calculated with the median concentration determined
from all of the samples collected during the five storms.

Bottom-Material Quality

Sediment oxygen demands were measured at 45 locations (figs. 11, 12).
Table 2 describes the bottom-material sampling sites and lists the sediment
oxygen demands for Cedar Creek and its tributaries. Measurements were made in
the stream using the methods described by McFarlane and others (1987, p.
15-19). These methods were based on the techniques described by Butts (1974,
p. 3-10) and resulted in a rate of oxygen consumption for the point
(approximately 0.6 square foot of streambed) where the measurement was made.
Sediment oxygen demand for each subreach of the creek (as opposed to points in
the creek) was estimated by using the results of these measurements and model-
simulation techniques. These simulation results are described by Schmidt and
others (1989).

The Illinois State Water Survey (Butts, 1986, p. 16) describes general
bottom-material quality in terms of sediment oxygen demand, as shown in table
3. This classification is used to describe bottom-material quality in Cedar
Creek. Some measurements made by the Illinois State Water Survey in Cedar
Creek also are included in these interpretations (Butts, 1986).

Ninety-seven bottom-material samples were collected at 45 sites in the
creek and tributaries (table 2 and figs. 11, 12). Samples were analyzed for
the following 12 constituents: percent volatiles, total organic plus ammonia
nitrogen, chemical oxygen demand, arsenic, cadmium, chromium, copper, iron,
lead, manganese, mercury, and zinc. Bottom-material samples were collected
primarily by scooping up the material with a sample bottle. Samples were not
sieved or prepared in any other way. In a few cases, where the stream was too
deep, samples were collected by using a length of PVC (polyvinylchloride) pipe
as a core sampler and saving only the top 1 to 2 inches of material for analy-
sis. Samples were analyzed by the IEPA using IEPA (1986) laboratory methods.

Kelly and Hite (1984, p. 5), in a report summarizing bottom-material data
collected during 1974-80 for Illinois streams, classify bottom-material quality
for all 12 constituents measured in this study (table 4). Samples used by
Kelly and Hite (1984) were not sieved. They classify all of the constituents,
except cadmium, in the following manner: They describe 'elevated' concentra-
tions as being greater than or equal to two standard deviations higher than
the background mean concentration, 'highly elevated' concentrations as being
greater than or equal to four standard deviations higher than the background
mean concentration, and 'extreme' concentrations as being greater than or equal
to eight standard deviations higher than the background mean concentration.
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Table 3.--Classification of general bottom-material quality
in terms of sediment oxygen demand

[from Butts,

1986, p. 16; >, greater than]

Sediment oxygen demand,

Bottom-material in grams per square

quality meter per day
Clean 0.0 - 0.5
Moderately clean > .5 - 1.0
Slightly degraded >1.0 - 2.0
Moderately polluted >2.0 - 3.0
Polluted >3.0 - 5.0
Grossly polluted >5.0 - 10.0
Sewage sludge-like >10.0

Table 4.--Classification of bottom-material constituent concentrations
in Illinois

[from Kelly and Hite,

1984, p.

5, 24.

Ranges of concentrations are based

on 1, 2, 4, and 8 standard deviations above background mean, except for
cadmium, which is based on 50, 65, 80, and 95 percent distributions for

all samples.

otherwise noted.

3, greater than or equal to]

Concentrations are in milligrams per kilogram unless

Background Slightly Highly

Constituent mean elevated Elevated elevated Extreme
Chemical

oxygen

demand 49,000 »90, 000 »>132,000 »>215, 000 »380,000
Total

Kjeldahl

nitrogen 1,380 2,300 »3,200 25,100 >8,800
Total

volatile

solids

(in percent) 4.4 26.5 »8.8 »>13 »>22
Arsenic 5.2 »8.0 >11 >17 >28
Chromium 9.8 »16 323 >38 »60
Copper 15 »>38 »>60 »>100 »200
Iron 13,000 >18,000 »23,000 »32,000 »50,000
Lead 17 »28 >38 »>60 >100
Manganese 740 »1,300 >1,800 »2,800 5,000
Mercury .04 ».07 »>.10 »>.17 ».30
Zinc 50 >80 >100 »>170 »300
Cadmium ».5 ».5 »>1.0 »2.0 »20.0
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Background mean concentrations were computed by Kelly and Hite (1984, p. 10)
from samples collected at 94 sites in Illinois "that were judged to be unim-
pacted by point or non-point discharge with the exception of agricultural non-
point inputs." Constituent concentrations were rated using this system. For
cadmium, a similar rating scheme was used except that instead of 2, 4, and 8
standard deviations, concentrations were rated elevated, highly elevated, and
extreme based on 65, 80, and 95 percent distributions, respectively (for all

samples Kelly and Hite analyzed).

CHARACTERISTICS OF STORM RUNCFF

The quantity and quality of runoff discussed in this section of the report
relate to the seven types of storm-related sources of runoff considered in this
study. The seven sources were (1) flow from upstream of Galesburg (site 1),
(2) overflow from the combined sewers, (3) discharge from the storm sewers and
overland runoff from Galesburg, (4) effluent from the Galesburg wastewater-
treatment facility (site WWTF), and (5 through 7) flow from three tributaries
draining agricultural land (sites T21, T23, and T24). Flow from upstream of
Galesburg is not discussed in detail in this section but is included because
it is needed to isolate the contributions of runoff from Galesburg. The
quality and quantity of storm runoff as they relate to the characteristics of
the five storms also are discussed.

Total precipitation for the five sampled storms ranged from 0.37 to 3.76
inches. Maximum 1-hour intensities and antecedent moisture conditions also
varied over a wide range. Table 5 lists the total accumulated precipitation,
total precipitation for the largest storm, maximum 1-hour intensity, antecedent-
precipitation index, and number of combined-sewer overflows for each of the 33
monitoring periods, which includes the 5 sampled storms in 1986.

The percent runoff from Galesburg ranged from 4 to 30 percent. Regression
analyses indicated that the hourly intensity of a storm was the primary factor
controlling the percent runoff, although antecedent-precipitation conditions
and total precipitation also had some effect.

The first storm, which ended May 20, produced a total precipitation of
2.69 inches and a maximum 71-hour intensity of 0.70 inch per hour. This storm
was the first big spring storm of the year. Previous storms had occurred, but
none produced sufficient runoff to scour bottom material in Cedar Creek. Data
were not available to calculate an antecedent-precipitation index for this
storm. Total rainfall for the first half of May was approximately 1.5 inches,
indicating that soil-moisture content may have been high. Sixty-three percent
of the combined sewers overflowed with a total overflow volume of 1.2 to 2.5
million ft3 (cubic feet) (appendix B). Fifteen percent of the total precipi-
tation falling on the city of Galesburg reached the stream as runoff.

The second storm, which ended July 10, produced moderate precipitation
that totaled 0.92 inch, with a maximum 1-hour intensity of 0.57 inch per hour;
the antecedent-precipitation index was 21.23. For this storm, 76 percent of
the combined sewers overflowed with a total volume of overflow of 0,11 to 0.47
million ft3, Only 7 percent of the total precipitation falling on Galesburg

reached the stream as runoff.
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Table 5.--Precipitation characteristics of selected storms for

combined-sewer monitoring periods during 1985 and 1986

[Determined from an area-weighted average of rain-gage site 1 and

site RG2 using the Theissen method; dashes indicate no data;

CS0O, combined-sewer overflow]

Combined-sewer Total precipitation Maximum
monitoring Largest 1-hour Antecedent-~
period During storm in intensity precipi-

From To period period (inch/ tation Number 1

(month/day/year) (inches) (inches) hour) index of CSO's
08/14/85 08/19/85 0.27 0.21 0.11 - 5
08/19/85 08/26/85 .65 .63 .34 19.33 15
08/26/85 09/11/85 .15 .08 .08 18.54 8
09/11/85 09/18/85 .59 .59 .25 .99 18
09/18/85 09/23/85 1.27 .70 .33 21.35 17
09/23/85 10/01/85 .43 .20 .10 54.79 17
10/01/85 10/06/85 .94 .94 .21 7.86 17
10/06/85 10/08/85 .18 .18 .18 30.23 14
10/08/85 10/10/85 .89 .32 .16 40.32 10
10/10/85 10/16/85 .23 .15 .05 86.12 6
10/16/85 10/20/85 1.69 1.59 81 10.90 24
10/20/85 10/28/85 .65 .65 .65 45.88 25
10/28/85 11/05/85 1.92 1.92 .18 5.99 11
11/05/85 11/13/85 2.23 1.44 .33 39.93 26
11/13/85 11/19/85 2,23 1.21 .25 82.27 29
205/08/86 05/20/86 2.93 2.69 .70 - 36
05/20/86 05/28/86 .42 +09 .06 20.90 1
05/28/86 06/09/86 .36 .36 «30 16.94 8
06/11/86 07/02/86 2.26 <91 .73 6.50 45
207/02/86 07/10/86 1.27 .92 .57 21.23 37
07/10/86 07/14/86 1.21 .66 .51 81.17 39
207/14/86 08/01/86 4.05 3.76 1.93 58.49 49
08/01/86 08/06/86 .79 77 .23 82.20 15
08/06/86 08/08/86 .28 .25 .25 110.74 37
08/08/86 08/12/86 .11 .11 .06 47.42 1
08/12/86 08/18/86 .49 .34 .32 21.07 3
208/18/86  08/27/86 .37 .37 .31 3.14 14
208/27/86 09/12/86 1.16 .91 .70 .55 34
09/12/86 09/25/86 3.99 2.36 1.70 15.06 48
09/25/86 10/01/86 2.28 1.92 .56 88.26 45
10/01/86 10/08/86 2.12 2.02 .72 112.45 46
10/08/86 10/15/86 .23 .11 .08 13.05 1
10/15/86 10/29/86 1.42 1.07 .15 .55 2

1 Number of combined sewers to overflow; not all combined sewers were

checked during: 1985 monitoring periods.

2 Samples were collected during this monitoring period.

38



The third storm, which ended August 1, was the largest storm monitored
and produced a total precipitation of 3.76 inches and a maximum 1-hour inten-
sity of 1.93 inches per hour. This storm had an antecedent-precipitation
index of 58.49, indicating that soil-moisture content was high. All of the
combined sewers overflowed; the total overflow volume was 6.9 to 12.7 million
ft3. fThirty percent of the total precipitation falling on Galesburg reached
the stream as runoff.

The fourth storm, which ended August 27, was a small storm that produced
a total precipitation of 0.37 inch and a maximum 1-hour intensity of 0.31 inch
per hour. This storm also had a low antecedent-precipitation index of 3.14.
Twenty-nine percent of the combined sewers overflowed; the total overflow
volume was 0.02 to 0.09 million ft3. Only 4 percent of the total precipita-
tion falling on Galesburg reached the stream as runoff.

The fifth storm, which ended on September 12, produced moderate precipi-
tation that totaled 0.91 inch, with a maximum 1-hour intensity of 0.70 inch
per hour; the antecedent-precipitation index was a very low 0.55. Sixty-nine
percent of the combined sewers overflowed with a total overflow volume of 0.21
to 0.59 million ft3. Eleven percent of the total precipitation falling on
Galesburg reached the stream as runoff.

Rates and Volumes

Galesburg Combined-Sewer Overflows

Overflows occur with almost every storm event. Results show (table 5)
that, during each of the 33 monitored periods, at least 1 cambined sewer
overflowed. Monitoring methods used during the 1986 data-collection period
were more comprehensive than those used during the 1985 period. More combined
sewers were monitored, several methods were used to determine overflow occur-
rence for each combined sewer, and improved peak-stage information was
obtained. Statistical analyses were done using, primarily, the 1986 data.
Results of stepwise-regression analysis indicated that the percentage of cam-
bined sewers that will overflow can be predicted fairly well from the natural
logarithm of the maximum 1-hour intensity alone, as follows:

POF = (0.314 1n (i) + 0,764) x 100, (8)

where POF is the percentage of the combined sewers that overflow, and

i is the maximum 1-hour intensity, in inches per hour.

The value of the independent variable (i) can be such that the dependent
variable (POF) is greater than 100. Assume in these cases that POF equals 100
indicating that all of the cambined sewers probably overflowed. Solving the
equation with 1986 data yielded values of POF with a multiple correlation coef-
ficient of 0.89 and a standard error of estimate of 16 percent, which corres-
ponds to about eight overflow points. These regression results indicate that
40 percent of the pipes will overflow with a 1-hour intensity of 0.3 inch per
hour and about 70 percent of the pipes will overflow with a 1-hour intensity
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of 0.8 inch per hour. Measured results indicate that more than 70 percent of
the pipes will overflow with a 1-hour intensity of 0.8 inch per hour. This is
somewhat dependent, however, on both the total and the antecedent-precipitation
conditions.

The ability to predict the number of pipes that will overflow is slightly
improved when the independent variables for total and antecedent-precipitation
conditions also are considered. The equation developed with all three charac-
teristics is

POF = (0.175 1n(i) + 0.162 1n(T) + 0.044 1n(A) + 0.516) x 100, (9)

where T is the total precipitation, in inches;
A is the antecedent-precipitation index; and

all other variables are as described above.

As with eqguation 8, values of the independent variables (i,T,A) can be such
that the resultant POF is greater than 100. This indicates that all of the
combined sewers probably overflowed. This equation has a multiple correlation
coefficient of 0.95 and a standard error of estimate of 12 percent, which
corresponds to about six overflow points. The GSD has an ongoing program to
modify combined-sewer overflow structures in an attempt to reduce the number
of overflows. However, because there are many cross connections in the sewer
system, the above equations should be useful (within standard error limits)
until major modifications to the sewer system are made.

Overflow durations as high as 189 hours were measured. These very long
durations generally were caused by an obstruction in the orifice leading to
the interceptor sewer (fig. 5). Durations varied depending on the character-
istics of the storm but generally were in the range of 2 to 8 hours. Peak
discharges were highest for intense storm events. Peak overflow discharges as
high as 34 ft3/s (cubic feet per second) were estimated from peak stage results.
Mean pegk discharges for the five storms sampled in 1986 ranged from 1.35 to
16.7 ft3/s.

Overflow volumes for individual combined sewers, calculated from measured
duration values assuming a distribution of discharge over time similar to
sites C6 and C22, were as high as 1,480,000 £t3. Volumes, calculated assuming
a maximum overflow duration for pipes without duration data and assuming a
Gagssian-type distribution of discharge over time, were as large as 1,860,000
ft3.

The storm with the greatest total precipitation occurred between July 14
and August 1, 1986. All of the pipes overflowed. However, this was not the
storm that produced the largest combined-sewer overflow volume. That storm
occurred between October 1 and 10, 1986, and produced a total precipitation
equal to about half of that of the first storm; 94 percent of the pipes over-
flowed. The difference in the number of pipes that overflowed during these
two storms is related to the antecedent-precipitation conditions. As table 5
shows, a significant amount of precipitation fell during the second half of
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September. The ground was saturated and the sewer system had not recovered
from the previous storms. The antecedent precipitation index for the October

storm was almost twice that of the July storm.

Table 6 summarizes the storm-runoff volumes for the five storms sampled
in 1986. Average overflow volumes from all of the combined sewers for the
five sampled storms ranged from 23,300 to 6,890,000 ft3, and maximum overflow
volumes ranged from 85,400 to 12,700,000 ft3.

Table 6.--Total volumes for the five gtorms sampled in 1986

Volume of flow, in cubic feet

Site code
source name May 16-20  July 7-10 J:égugttf August 26-27  September 11-12
1 2,040,000 131,000 386,000 24,600 42,100
Combined-sewer
overflow!l
average 1,220,000 113,000 6,890,000 23,300 208,000
maximum 2,550,000 470,000 12,700,000 85,400 586,000
Storm-sewer
dischargez
using average CSO 8,740,000 1,730,000 20,300,000 296,000 2,600,000
using maximum CSO 7,410,000 1,370,000 14,500,000 234,000 2,220,000
8 12,000,000 1,970,000 27,600,000 344,000 2,850,000
WWTF 6,700,000 2,120,000 4,720,000 1,100,000 1,580,000
T21 4,730,000 213,000 8,400,000 112,000 343,000
11 30,600,000 5,630,000 53,300,000 2,090,000 4,680,000
T23 10,700,000 389,000 5,570,000 79,900 152,000
T24 6,930,000 235,000 5,230,000 50,600 99,300
14 56,200,000 6,860,000 74,700,000 2,650,000 4,910,000
18 63,800,000 6,760,000 94,900,000 2,460,000 5,650,000

1 Average refers to combined-sewer-overflow volumes calculated assuming a distribution of
discharge over time similar to that measured at sites C6 and C22 and assuming overflow
durations for those pipes without duration data are equal to the average of the measured
durations (excluding outliers).

Maximum refers to combined-sewer-overflow volumes calculated assuming a normal distribution of
discharge over time and assuming overflow durations for those pipes without duration data
are equal to the maximum measured duration (excluding outliers).

2 ysing average CSO refers to storm-sewer-discharge volumes calculated by subtracting the average
combined-sewer-overflow volume, as described above, from the total runoff from the city of
Galesburg.

Using maximum CSO refers to storm-sewer-discharge volumes calculated by subtracting the maximum
combined:sewer-overflow volume, as described above, from the total runoff from the city of
Galesburg.
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Galesburg Storm-Sewer Discharges

The volume of flow from the storm sewers was estimated from the total
volume of flow from Galesburg and the average and maximum combined-sewer over-
flow volumes. The difference between the total volume contributed by the city
and the total volume contributed by overflow from the combined sewers was
attributed to storm-sewer discharges and overland runoff (table 6). Storm-
sewer discharge volumes, calculated from average cambined-sewer overflow
volumes, ranged from 296,000 to 20,300,000 ft3. Storm-sewer discharge volumes,
calculated from maximum combined-sewer overflow volumes, ranged from 234,000
to 14,500,000 £t3.

Tributary and Wastewater-Treatment-Facility Effluent Discharges

Discharge rates from the three tributaries were variable throughout each
storm event, and stage would rise and fall rapidly. Volumes were calculated
on the basis of traveltimes so that only the flow contributing to the volume
calculated for the next creek site downstream fram the mouth of the tributary
would be included. This method for calculating volume may have slightly over-
estimated the storm-related discharge volume from the tributaries. Volumes of
flow from the tributaries ranged from 50,600 to 10,700,000 ft3 for the five
sampled storms (table 6).

Volumes of effluent from the wastewater-treatment facility were determined
from GSD effluent-discharge records. The period of time used to calculate
volume was based on the traveltime from the outfall pipe to site 11, so that
only effluent contributing to the flow volume calculated for site 11 would be
included. Effluent flow volumes ranged from 1,100,000 to 6,700,000 ft3 for
the five sampled storms (table 6).

Water Quality and Constituent Loads

Galesburg Combined-Sewer Overflows

Constituent concentrations determined from samples of combined-sewer over-
flow (McFarlane and others, 1987, p. 148-177) indicated that concentrations of
oxygen-demanding solids, total suspended solids, zinc, and iron exceeded the
State effluent standards (Illinois Pollution Control Board, 1986). These
samples were grab samples and the averaging rule of the effluent standards
indicates that concentrations determined from a grab sample shall not exceed
five times the specified standard. A substantial amount of grease and float-
ing material, including raw sewage, was observed in the creek and overflows,
indicating that the combined-sewer overflows exceeded the standard against
offensive discharges.

Concentrations of constituents in combined-sewer effluent were highly
variable. Generally, concentrations were initially high or increased rapidly
at the beginning of an overflow and then decreased to more dilute concentra-
tions. In many cases, the concentrations determined from the second in the
series of six samples were higher than the concentrations in the other five
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samples. All constituent concentrations are summarized by McFarlane and
others (1987, p. 148-177). Appendix C, at the end of this report, lists the
descriptive statistics determined from these combined-sewer samples and from
all the storm-related samples collected during this phase of the study.

Constituent loads for samples from each of the five storms were calcu-
lated by using the total volume of overflow for the combined sewers and the
median constituent concentrations. These loads are listed in appendix D at the
end of this report. Constituent loads and discharge volumes from the combined
sewers can differ depending on, among other things, land use, drainage area,
lateral pipe size, position along the interceptor, orifice size, and condition
of the sewer system. Because it was not possible to sample all of the
combined-sewer overflows, those that were sampled were assumed to represent
the characteristics of all the combined-sewer overflows.

Galesburg Storm-Sewer Discharges

Analyses of discharge samples from storm sewers indicate that concentra-
tions of lead, iron, and total dissolved solids exceeded the State effluent
standards (Illinois Pollution Control Board, 1986). Even though concentrations
generally were lower than those determined from the combined sewers, estimated
volumes of storm-sewer discharge were substantially higher, so the resulting
constituent loads were often higher (appendix D).

Tributary and Wastewater-Treatment-Facility Effluent Discharges

Constituent concentrations determined from the samples collected at the
three tributary sites (T21, T23, and T24) indicated copper, lead, manganese,
and iron exceeded the State general-use water—quality standards. Wastewater-
treatment-facility effluent samples indicated that concentrations did not
exceed the State effluent standards for any of the constituents analyzed.
Loads of several oxygen-demanding constituents (ultimate carbonaceous BOD,
chemical oxygen demand, total organic carbon, total organic plus ammonia
nitrogen, and volatile suspended solids) were substantially higher at site T24
than at either of the other two tributaries (appendix D). These increased
loads were caused by increased concentrations that may have been derived from
runof £ from feedlots (hogs and cattle) just upstream from this site.

WATER QUALITY AND BOTTOM-MATERIAL QUALITY IN CEDAR CREEK

Water Quality

Cedar Creek was sampled at five locations (sites 1, 8, 11, 14, and 18).
Several constituents were found to exceed the State general-use water-quality
standards (Illinois Pollution Control Board, 1986). Concentrations of copper,
lead, cadmium, zinc, iron, manganese, and total dissolved solids exceeded
their respective standards in several subreaches of the creek (McFarlane and
others, 1987, p. 148-177). Appendix C, at the end of this report, lists the
constituents and gives a statistical summary of the water-quality results for
the five storms sampled in 1986.
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Constituent concentrations generally are influenced by the rate of dis-
charge in a stream. This relation may result from increased constituent loads

from runoff, increased loads from scour of bottom materials, decreased concen-
trations caused by dilution, or, more likely, a combination of these and other
factors. In almost every case, there is some relation between concentration
and discharge; however, it commonly is difficult to determine because of its
complexity. The relation between concentration and discharge at the five
sites in Cedar Creek was studied by use of regression methods. However, the
data points are too variable and too few, in most instances, to yield conclu-
sive results.

Regression analyses were performed for the concentration of each con-
stituent by using discharge as the explanatory variable. Linear, logarithmic,
semilogarithmic, and inverse functions were tested. These analyses were done
for each site separately and then for all sites together. No relations were
determined for sulfate, beryllium, phenols, and dissolved solids. Some trends
were indicated for the other constituents, even though data were limited.
Regression results for silver, boron, and specific conductance indicated that
concentrations decreased with increasing discharge. Regression results for
the remaining constituents (listed in appendix C) indicated that concentra-
tions increased with increasing discharge. Regression results at a few sites
contradicted the overall trend for some constituents.

Water quality of a stream is generally more evident during low-flow con-
ditions. Because of this, the results of the low-flow phase of this study,
described by Schmidt and others (1989), provide the best indicators of the
water quality in Cedar Creek. The water-quality results indicated that, during
low-flow periods measured in 1985, concentrations of iron, copper, manganese,
phenols, and dissolved solids exceeded the State general-use water-quality
standards (Illinois Pollution Control Board, 1986) in some subreaches of Cedar

Creek.

Dissolved-oxygen concentrations also were less than the standard specified
by the Illinois Pollution Control Board (1986) throughout most of the study
reach. Dissolved oxygen is a primary indicator of water quality because it is
necessary for the survival of most aguatic organisms. A steady-state, one-
dimensional computer model was calibrated in the first phase of this study to
determine the effects of environmental factors on water-quality degradation.
Model-simulation results indicate that sediment oxygen demand is the primary
factor that causes low dissolved-oxygen concentrations in Cedar Creek (Schmidt
and others, 1989).

Bottom-Material Quality

Storm runoff can contribute significantly to the sediment loads in the
creek. As discussed previously, the sediment contains materials having poten-
tially high oxygen demands and constituent concentrations. A total of 70
sediment-oxygen—demand measurements were made at 45 locations in Cedar Creek
and its tributaries (table 2 and figs. 11, 12). A total of 97 bottom-material
samples were collected at these same locations, many in conjunction with the
measurements of sediment oxygen demand. The locations and methods of measure-
ment, as well as the results, are described by McFarlane and others (1987).
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The highway construction and channel modifications along Cedar Creek by
the IDOT (fig. 4) uncovered and loosened the topsoil in many areas adjacent to
the creek, allowing storm runoff to transport a large amount of sediment to the
creek. The sediment was deposited downstream from the channel modifications,
and visual observations indicate that this had some effect on the aquatic
habitat in the area. Most constituent concentrations, including those related
to oxygen-demanding materials determined from samples of bottom-material from
areas of deposition that primarily were affected by washoff from the highway
construction (bottom-material sampling sites 15-1 to 18-1), were not elevated
(McFarlane and others, 1987, p. 84-93). Most of the areas with elevated sedi-
ment oxygen demands or bottom-material constituent concentrations were upstream
from the highway construction.

Sediment Oxygen Demand

Measured sediment oxygen demand ranged from 0.4 to 9,1 (g/m2)/d (grams
per square meter per day). By use of the Illinois State Water Survey rating
scheme (table 3) (Butts, 1986, p. 16), results from all but 3 of the 70
measurements indicated that the bottom-material quality was slightly degraded
or worse--23 were slightly degraded, 17 were moderately polluted, 19 were
polluted, and 8 were grossly polluted (fig. 13).

10 T 1 1 T T 1
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SEDIMENT-OXYGEN-DEMAND RATE,
IN GRAMS PER SQUARE METER PER DAY
I
i

50 45 40 35 30 25 20 15
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Figure 13.-~Measured sediment-oxygen-demand rates in Cedar Creek as
a function of location (tributary results not shown;
WWTF indicates wastewater-treatment-facility outfall;
quality classification after Butts, 1986).
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Seven measurements of sediment oxygen demand were made in tributaries to
Cedar Creek (figs. 11, 12)--three measurements at bottom-material sampling site
23-1 and one measurement at each of sites 21-1, 22-1, 24-1, and 25-1 (tributary
measurements are not shown in fig. 13). Sediment oxygen demands in the tribu-
taries ranged from 1.1 to 3.7 (g/m?)/d. Bottom-material quality at sites 21-1
and 25-1 were moderately polluted (2.9 and 2.2 (g/m2)/d, respectively) accord-
ing to the Illinois State Water Survey rating scheme (Butts, 1986). One
measurement at site 23-1 was polluted (3.7 (g/m2)/d) and the remaining were
slightly degraded according to this same rating scheme.

The Illinois State Water Survey also made some measurements of sediment
oxygen demand in Cedar Creek in June and September 1985. The results of their

measurements yielded values of 1.0 to 7.8 (g/m2)/d (Butts, 1986). The highest
values were found close to the location where the highest values were found by

the U.S. Geological Survey, upstream from the wastewater-treatment facility at
bottom-material sampling site 9-1.

Constituent Concentrations

The constituent concentrations used by Kelly and Hite (1984, p. 5, 16) to
describe bottom-material quality are listed in table 4. Analysis of the bottom-
material samples indicate that concentrations of all 12 constituents (percent
volatiles, total organic plus ammonia nitrogen, chemical oxygen demand, arsenic,
cadmium, chromium, copper, iron, lead, manganese, mercury, and zinc) were ele-
vated in at least one of the samples. Concentrations of all 12 constituents
except arsenic and chemical oxygen demand were highly elevated in some samples.
Concentrations of all constituents except arsenic, chemical oxygen demand,
copper, and total organic plus ammonia nitrogen were extreme in some samples.

Concentrations of the 12 constituents and sediment oxygen demands in
Cedar Creek are generally higher in areas of deposition than in areas of non-
deposition. Samples were collected and measurements were made at a particular
point; thus, they do not represent the characteristics of the entire cross
section or subreach. However, more than one sample was collected or measure-
ment made in most cross sections. Emphasis was placed on the subreach of the
creek upstream from RM 35 (bottom—material sampling site 12-4) where 69 of the
97 samples were collected. Accordingly, any comparison, between different
locations, of the number of samples with extreme constituent concentrations may
be biased toward the upstream subreaches of the creek. Figures and discussion
of the results for each of the 12 constituents follow (for clarity, results of
tributary sampling are not included in the figures). Tables of the results are
presented by McFarlane and others (1987, p. 90-93).

Nine bottom-material samples were collected from six tributaries to Cedar
Creek (sites 21-1, 22-1, 23-1, 24-1, 25-1, 26-1, and 27-1; figs. 11, 12). The
mercury concentration in one sample collected at site 21-1 was 0.43 mg/kg
(milligrams per kilogram), which is considered extreme. The mercury concentra-
tion in one sample at site 22-1 was 0.22 mg/kg, and the cadmium concentration
was 1.0 mg/kg; these concentrations are considered highly elevated and elevated,
respectively. Both of these sampling sites are in Tributary No. 1 (fig. 3).
All the remaining bottom-material-quality results from the tributary show that
constituent concentrations are slightly elevated or below.
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Mercury.--Bottom-material-quality results show that 76 percent of all the
samples have mercury concentrations considered to be elevated or above; 62
percent are extreme (fig. 14). Of the samples collected upstream from RM 35,
77 percent of the mercury concentrations are extreme compared to 37 percent
from samples collected downstream from RM 35. Mercury is very toxic to animals
and aquatic organisms. Once ingested, mercury remains in the organism and can
accumulate to toxic levels (Kelly and Hite, 1984, p. 64).
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. One sample at river mile 39.88
= 13.0 milligrams per kilogram
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MERCURY CONCENTRATION,
IN MILLIGRAMS PER KILOGRAM

Figure 1l4.--Mercury concentrations in the bottom materials of Cedar Creek
as a function of location (tributary results not shown;
WWTF indicates wastewater-treatment~facility outfall;
quality classification after Kelly and Hite, 1984).

Lead.--Bottom-material~quality results show that 62 percent of all the
samples have lead concentrations considered to be elevated or above; 29 percent
are extreme (fig. 15). All of the extreme concentrations are from samples
collected upstream from RM 35 and represent 41 percent of the upstream samples.
Seventy-four percent of the samples collected downstream fram RM 35 have lead
concentrations that are slightly elevated or below. Lead is toxic to aquatic
organisms; the degree of toxicity depends on other water—quality characteris-
tics (pH, alkalinity, hardness, and so forth) and on the organisms involved
(Kelly and Hite, 1984, p. 57).

Chromium.--Bottom-material-quality results show that 55 percent of all
the samples have chromium concentrations that are elevated or abowve; 26 per-
cent are extreme (fig. 16). One sample collected downstream from RM 35 has a
concentration considered to be extreme; the remaining samples with extreme
concentrations were collected upstream from RM 35 and represent 35 percent of
the upstream samples. Most of the extreme chromium concentrations were down-
stream from the wastewater-treatment facility (Rm 40.2). Chromium, in trace
amounts, is an essential metal for mammals, although some forms are toxic.
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Figure 15.--Lead concentrations in the bottom materials of Cedar Creek
as a function of location (tributary results not shown;
WWTF indicates wastewater-treatment-facility outfall;
quality classification after Kelly and Hite, 1984).
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Figure 16.--Chromium concentrations in the bottom materials of Cedar Creek
as a function of location (tributary results not shown;
WWTF indicates wastewater-treatment-facility outfall;
quality classification after Kelly and Hite, 1984).

As with lead, chromium's toxicity to aquatic organisms depends on other water-
quality characteristics and on the species of organism (Kelly and Hite, 1984,

p. 47).

Cadmium.--Bottom-material-quality results show that 98 percent of all
the samples have cadmium concentrations considered to be elevated or above;
13 percent are extreme (fig. 17). All extreme cadmium concentrations are from
samples collected downstream from the wastewater-treatment facility (RM 40.2)
and upstream from RM 35. The extreme concentrations represent 16 percent of
the samples collected upstream fram RM 35. Cadmium is relatively rare and
highly toxic to most organisms (Kelly and Hite, 1984, p. 42-45).
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Figure 17.--Cadmium concentrations in the bottom materials of Cedar Creek
as a function of location (tributary results not shown;
WWTF indicates wastewater-treatment~facility outfall;
quality classification after Kelly and Hite, 1984).

Zinc.--Bottom-material-quality results show that 66 percent of all the
samples have zinc concentrations considered to be elevated or above; 10 per-
cent are extreme (fig. 18). All of the extreme zinc concentrations are from
samples collected upstream from RM 35 and represent 14 percent of the upstream
samples. Zinc is an essential trace metal in plants and animals but can be
highly toxic to aquatic organisms (Kelly and Hite, 1984, p. 69).
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Figure 18.--Zinc concentrations in the bottom materials of Cedar Creek
as a function of location (tributary results not shown;
WWTF indicates wastewater-treatment-facility outfall;
quality classification after Kelly and Hite, 1984).
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Copper.--Bottom-material-quality results show that 27 percent of all the
samples have copper concentrations considered to be elevated or above; 5 per-
cent are highly elevated, but there were no extreme concentrations (fig. 19).
All of the elevated and highly elevated copper concentrations are from samples
collected upstream from RM 35 and represent 45 percent of the upstream samples.
All of the highly elevated concentrations were collected downstream from the
wastewater-treatment facility (RM 40.2). Copper is a relatively common metal.
It is an essential nutrient for most plants and animals but is toxic in high
concentrations. The toxicity varies depending on oxidation states and water-
quality parameters (Kelly and Hite, 1984, p. 50).
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Figure 19.--Copper concentrations in the bottom materials of Cedar Creek
as a function of location (tributary results not shown;
WWTF indicates wastewater-treatment-facility outfall;
quality classification after Kelly and Hite, 1984).

Manganese and iron.--Manganese and iron are chemically similar elements.
Bottom-material-quality results show that 4 and 9 percent of all the samples
have manganese and iron concentrations, respectively, that are considered to
be elevated or above (figs. 20 and 21). Results from one sample collected at
RM 34.8 (bottom-material sampling site 12-4) indicated extreme concentrations
of both constituents. Manganese and iron are naturally occurring constituents
and elevated concentrations are not uncommon in Illinois. Manganese and iron
generally are not considered toxic, but high concentrations make water unsuit-
able for some uses (Kelly and Hite, 1984, p. 54-56, 61-64; Windholz and others,
1976, p. 669-670, 743).

Arsenic.--Bottom-material-quality results show that only one sample,
collected at RM 34.8 (site 12-4), had an arsenic concentration considered to
be elevated (fig. 22). A few samples show slightly elevated concentrations,
but most are nonelevated. Arsenic is toxic to animals and aquatic organisms
(Kelly and Hite, 1984, p. 41).

Total organic plus ammonia nitrogen.--Bottom-material-quality results show
that 6 percent of all the samples have total organic plus ammonia nitrogen
concentrations considered to be elevated or above (fig. 23). One sample was
hightly elevated, but none were extreme. All concentrations considered to be
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Figure 20.--Manganese concentrations in the bottom materials of Cedar Creek
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WWTF indicates wastewater~treatment-facility outfall;
quality classification after Kelly and Hite, 1984).
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Figure 21.--Iron concentrations in the bottom materials of Cedar Creek
as a function of location (tributary results not shown;
WWTF indicates wastewater-treatment-facility outfall;
quality classification after Kelly and Hite, 1984).
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22.--Arsenic concentrations in the bottom materials of Cedar Creek
as a function of location (tributary results not shown;
WWTF indicates wastewater-treatment-facility outfall;
quality classification after Kelly and Hite, 1984).
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Figure 23.--Total organic plus ammonia nitrogen concentrations in the
bottom materials of Cedar Creek as a function of location
(tributary results not shown; WWTF indicates wastewater-
treatment-facility ourfall; quality classification after
Kelly and Hite, 1984).
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elevated and above were collected upstream from RM 35 and represent 9 percent
of the upstream samples. Dead plant material and human and animal wastes are

sources of these constituents; agricultural runoff also can contain high
nitrogen concentrations, especially ammonia. This material is converted by
microbial action from organic nitrogen to ammonia to nitrite to nitrate, and
oxygen is consumed in this process.

Chemical oxygen demand.--Bottom-material-quality results show that 6 per-
cent of all the samples have chemical-oxygen-demand concentrations considered
to be elevated (fig. 24). These were all collected upstream from RM 35 and
represent 9 percent of the upstream samples. No samples had concentrations
considered to be highly elevated or extreme. Chemical oxygen demand is an
indicator of the amount of oxidizable material present (both biologically and
chemically oxidizable).
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Figure 24.--Chemical-oxygen-demand concentrations in the bottom materials
of Cedar Creek as a function of location (tributary results
not shown; WWIF indicates wastewater-treatment facility out-
fall; quality classification after Kelly and Hite, 1984).

Percent volatile solids.--Percent volatile solids is another indicator of
the amount of material present that may contribute to the oxygen demand of the
sediments. Bottom-material-quality results show that 21 percent of all the
samples have a percentage of volatile solids considered to be elevated or
above; 6 percent are highly elevated, and 1 percent are extreme (fig. 25).

All but one of the concentrations that are elevated or above were collected
upstream from RM 35 and represent 29 percent of the upstream samples.

Discussion

Visual observations indicate that elevated sediment oxygen demands and
bottom-material constituent concentrations are associated with areas of depo-
sition. This may be why chromium, mercury, lead, and manganese appear to be
related somewhat to sediment oxygen demand on the basis of regression analyses.
It should also be noted that storm runoff and wastewater-treatment-facility

53



. T T T T T
g _ — EXTREME
4 20 F .
o
o =
w R . 4
28 1 el _ HioHELEVATED T
< [ ] -
—03210 = ‘e o« o' * —
® [ ] - e
>z . Slee o cee
E 5+ : ..l.. ¢ .: : . . * -
[ ] L] L ] L4
2 .:: L * .: * (1] L]
0 1 3 e 1 | .
50 45 40
WWTE 35 30 25 20

RIVER MILES ABOVE MOUTH

Figure 25.--Percent volatile solids in the bottom materials of Cedar Creek
as a function of location (tributary results not shown;
WWTF indicates wastewater-treatment-facility outfall;
quality classifications after Kelly and Hite, 1984).

effluent from Galesburg are major sources of these metals (except manganese)
and this suggests that Galesburg also is a major source of oxygen—-demanding
sediments.

High streamflows during storms can resuspend bottom materials. This
process can add substantial amounts of suspended materials and their associated
constituents to the streamflow. The maximum discharge rate at RM 31.9 (site 14)
for the five sampled storms ranged from 44 to 1,070 ft3/s. It was not possible
to sample all sources of sediment to the creek during a storm; for this reason,
results of mass-balance analyses are somewhat questionable. These results were
used to indicate changes in contaminant loads that could be attributed to the
intervening watershed. Results indicate that resuspended bottom materials are
a probable source of the (water-column) constituent concentrations that exceed
State general-use water-quality standards in Cedar Creek during periods of high
flow.

CONTRIBUTIONS OF STORM RUNOFF TO CONSTITUENT LOADS
AND BOTTOM MATERIALS IN CEDAR CREEK

Seven storm-related sources of constituents were monitored in this study:
(1) Cedar Creek upstream from Galesburg (site 1), (2) combined-sewer overflows,
(3) storm-sewer discharges, (4) the Galesburg wastewater-treatment-facility
effluent (site WWTF), and (5 through 7) three tributaries that drain agri-
cultural land (sites T21, T23, and T24). The constituent loads contributed by
these seven sources are summarized in appendix D, at the end of this report.

Two values (maximum and average) were calculated for the total volume of
overflow from the combined sewers. These two values were used to calculate
two values for the total volume of discharge from the storm sewers (refer to
section of this report titled "Runoff From Galesburg" under "Methods of Data
Collection and Interpretation”™). Calculation of constituent loads using these
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two volumes resulted in different total loads. Generally, these total loads
were very similar, but because some differed significantly, both are presented

in appendix D.

The percentage of total load contributed by each source is shown in
appendix E, at the end of this report. Because total loads are given as two
values (maximum and average), percentage contributions also are given as two
values. These percentages give an estimated range for the percent contribu-
tion of constituent loads. When reviewing this information, it is important
to consider the assumptions used in calculating the loads. These assumptions
were (1) median concentrations best represent the general characteristics of
each contaminant source; (2) the difference in flow volume between site 8 and
site 1 represents the runoff contributed by the city of Galesburg; (3) distri-
butions of discharge over time from all the combined sewers are somewhere be-
tween a Gaussian-type distribution and the mean-flow distribution measured at
sites C6 and C22; (4) theoretical discharge calculations represent the flow
from the combined sewers; (5) estimated volumes determined from drainage areas
and runoff coefficients represent the actual volume; and (6) the quantity and
quality of all runoff from Galesburg that was not accounted for by combined-
sewer overflow is equal to that of the sampled storm-sewer discharges.

The results in appendix E give the best representation of the percentage
of constituents contributed from each source. To view the results graphically,
a mean contribution was calculated for several of the constituents. This mean
was calculated by using the sum of all 10 values for the total load (five
storms, two calculation methods) as the total. For the combined sewers and
storm sewers, the sum of all 10 values was divided by the total to get the
proportion of the total load from each of these sources. For the other sources
(sites 1, WWIF, T21, T23, and T24), the sum of all five values was doubled and
divided by the total to get the proportion of the total load from each of these
sources. This mean contribution tends to average out the effects of differing
precipitation characteristics. The figures representing the mean contribution
are presented and discussed in the following pages.

Oxygen-Demanding Constituents

Five of the constituents that give some measure of the oxygen-demanding
characteristics of the discharges are ultimate carbonaceous BOD, chemical
oxygen demand, total organic carbon, total organic plus ammonia nitrogen, and
volatile suspended solids. Ammonia also can contribute to the oxygen demand
through nitrification. Ultimate carbonaceous BOD and chemical oxygen demand
were determined for less than half of the samples because of laboratory

constraints.

The percentages of total load contributed by each of the seven sources
(appendix E) indicate that the combined sewers were not the primary source of
these five constituents (ultimate carbonaceous BOD, chemical oxygen demand,
total organic carbon, total organic plus ammonia nitrogen, and volatile sus-
pended solids), except during the third storm when there was long duration of
overflow from several of the combined sewers. The storm sewers did contribute
a substantial amount of these constituents, especially during the first and
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fifth storms. In general, the primary sources of these oxygen-demanding
materials were the tributaries and the wastewater-treatment-facility effluent.
Tributary No. 3 (site T24) frequently contributed a larger percentage of the
total load than did any of the other sources, possibly because of runoff from
a small feedlot (hogs and cattle) that was just upstream from the sampling
site. Because of feedlot runoff, many constituent concentrations may have been
higher than would be expected in agricultural runoff. The results indicate
that the wastewater-treatment facility contributed a substantial percentage of
the total loads of these materials, especially during the second and fourth
storms. This was due, in part, to the small amount of precipitation associated
with these two storms. The base flow from the wastewater-treatment facility
exceeded the volume of runoff from other sources. Another source of oxygen-
demanding material is a sludge-application field used by the Galesburg
wastewater-treatment facility. This field is drained by a ditch that enters
Cedar Creek just upstream from bottom-material sampling site 9-1, the site
where the highest sediment oxygen demands were measured.

Ultimate carbonaceous BOD.--Ultimate carbonaceous BOD is a measure of the
amount of biologically oxidizable material that is present. The mean percent-
ages of this constituent in the total load from each source indicates that
wastewater-treatment-facility effluent and storm sewers are major contributors
to the BOD loads (fig. 26). Decay rates for BOD give an indication of the
biodegradability of the oxygen-demanding material. The rates determined were
highly variable. The mean decay ratel for the wastewater-treatment-facility
effluent was 0.10 reciprocal days; the mean decay rates for the other six
sources ranged from 0.14 to 0.19 reciprocal days. This indicates that the
wastewater-treatment-facility effluent was less easily decayed than were the
other sources, so that the short-term demand exerted by a comparable amount of
oxygen—-demanding material would be slightly less from the wastewater-treatment-
facility effluent than from the other sources.

The BOD concentrations in the cambined sewers were very high [943 mg/L
{milligrams per liter)] in same samples, and, although concentrations tend to
fall off rapidly as the overflow continues, the contribution from the combined
sewers to contaminant loads in Cedar Creek also is significant (fig. 26).
Sampling methods for the combined sewers may have resulted in lower constitu-
ent concentrations than what actually was present. Material larger than
0.3-inch diameter could not be collected by the samplers, and solid material
larger than this was observed in combined-sewer overflows and Cedar Creek on
several occasions.

Chemical oxygen demand.--Chemical oxygen demand is a measure of the
amount of material that can be oxidized biologically or chemically. Much of
this can be material that will not exert an oxygen demand in the stream. Mean
percentages of this constituent in the total load from each source indicate
that Tributary No. 3 (site T24) contributes substantially more than the other
sources. The storm sewers and combined sewers each contribute about equal

1a11 rate coefficients in this report are determined using natural
logarithms (base e).
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Figure 26.~-Ultimate carbonaceous biochemical oxygen demand
from storm~related sources to Cedar Creek
(a) average percentage of total loads and
(B) descriptive statistics of concentration.

percentages (fig. 27). Appendix E shows that the wastewater-treatment facility
contributed 30 and 50 percent of the total loads for the second and fourth
storms, respectively, but, if averaged over all storms, the contribution from
the wastewater-treatment facility was only 5.9 percent. The highest median
concentration was at site T24 (230 mg/L). The highest concentrations were

from the combined sewers (1,300 mg/L), although runoff fram storm sewers also
contained high concentrations (960 mg/L).
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Volatile suspended solids.--Volatile suspended solids is another indi-

solids (fig. 28).

cator of the amount of organic material present.
constituent in the total load from each source indicate that the tributaries,
especially sites T23 and T24, are major contributors of volatile suspended

The highest mean concentration was at site T24 (230 mg/L).
The highest concentrations were from the combined sewers (860 mg/L), site T24
(720 mg/L), and storm sewers (640 mg/L).
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Figure 28.--Volatile suspended solids from storm-related
sources to Cedar Creek (A) average percentage
of total loads and (B) descriptive statistics
of concentration.

Total organic plus ammonia nitrogen.--Total organic plus ammonia nitrogen
is a measure of the amount of material present that could contribute to the
oxygen demand in the creek through nitrification. Measurements described by
Butts (1986) indicate that nitrification is a substantial part of sediment
oxygen demands in some areas of Cedar Creek. Mean percentages of this con-
stituent in the total load from each source indicate that Tributary No. 3
(site T24) is a major contributor of nitrogen loads (fig. 29). Tributary
No. 2 (site T23), the storm sewers, and the combined sewers each contribute
about equal percentages of the load. Again, the results in appendix E indicate
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Figure 29.--Total organic plus ammonia nitrogen from
storm-related sources to Cedar Creek
(3a) average percentage of total loads
and (B) descriptive statistics of
concentration.

that a larger percentage of the loads would be from the wastewater-treatment
facility. The highest median concentration was at site T24 (13.0 mg/L), and
the highest concentration was from the combined sewers (48 mg/L).

Total ammonia nitrogen.--Total ammonia nitrogen can be converted to
nitrite and to nitrate by a microbial process that uses oxygen. These com-
pounds are nutrients for aquatic plants, and, as such, can support large
growths of algae. The mean percentages of this constituent in the total load
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from each source indicate that the combined sewers and storm sewers are major
contributors (fig. 30). Median concentrations are highest at site T24 (0.50

mg/L). Concentrations of ammonia are highest from the combined sewers and
storm sewers (6.80 and 5.10 mg/L, respectively).
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Figure 30.--Total ammonia nitrogen from storm-related
sources to Cedar Creek (A) average per-
centage of total loads and (B) descriptive
statistics of concentration.
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Organic nitrogen.--Subtracting ammonia nitrogen loads from the total
organic plus ammonia nitrogen loads gives the organic nitrogen loads. The
results indicate that the mean percentages of this constituent in the total
load from each source are comparable to those for total organic plus ammonia
nitrogen. Tributary No. 3 (site T24) is the major contributor (38.2 percent),
followed by Tributary No. 2 (site T23, 16 percent), and the storm sewers (14

percent).

Total organic carbon.--Total organic carbon is an indicator of the amount
of organic pollution present. Many of these organic compounds are biodegrad-
able and thus can exert an oxygen demand in the creek. Mean percentages of
this constituent in the total load from each source indicate that Tributary
No. 3 (site T24) is the major contributor, followed by the storm sewers (fig.
31). The data in appendix E suggest that the wastewater-treatment facility is
a more significant contributor than the mean percentages indicate. The median
concentration was the highest at site T24 (53 mg/L). Median concentrations
for the other sources were similar, but the highest concentrations were from
the combined sewers (160 mg/L).

Dissolved solids.--Dissolved solids are of interest because concentrations
in some subreaches of Cedar Creek exceeded the State general-use water-quality
standard (1,000 mg/L). Mean percentages of this constituent in the total load
from each source indicate that storm sewers and wastewater-treatment-facility
effluent are major contributors of the total dissolved solids loads (fig. 32).
The highest median concentration was from the wastewater-treatment-facility
effluent (513 mg/L). Concentrations of dissolved solids from combined sewers
ranged from 63 to 255 mg/L, which are low compared to other sources.

Suspended solids.-~-Suspended solids indicate the amount of solids a storm-
related source of runoff transports to Cedar Creek. This suspended material
may later settle to the streambed in areas of deposition. Mean percentages of
this constituent in the total load from each source indicate that Tributary
No. 3 (site T24) is the major contributor of suspended solids, almost 50 per-
cent (fig. 33). The highest median concentration was from Tributary No. 3
(1,940 mg/L). Concentrations from the wastewater-treatment facility (site
WWTF) were very low (9 to 78 mg/L) compared to other sources.

Arsenic and Metals

Concentrations of arsenic and 21 metals were determined from the water
samples. Bottom—-material samples were analyzed for 9 of the 22 elements.
These nine elements were cadmium, chromium, copper, lead, iron, manganese,
zinc, arsenic, and mercury. Tables of all the concentrations are listed in
the report by McFarlane and others (1987). Six of the 22 elements (cadmium,
copper, lead, iron, manganese, and zinc) were present in concentrations in the
streamflow that exceeded the State general-use water-quality standards. Iron
and manganese primarily are from natural sources; the tributaries are the major
contributors to loads of these constituents. Arsenic is present naturally in
small concentrations. Arsenic also is used widely in agriculture and industry,
and it is released from the combustion of fossil fuels (Kelly and Hite, 1984,
p. 41-42; Windholz and others, 1976, p. 107). Arsenic concentrations were
very low or below the detection limit in both bottom-material and water samples.
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Figure 31.-~Total organic carbon from storm-related sources
to Cedar Creek (A) averadge percentage of total
loads and (B) descriptive statistics of
concentration.
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Figure 32.--Dissolved solids from storm-related sources
to Cedar Creek (A) average percentage of
total loads and (B) descriptive statistics
of concentration.
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The following discussions relate to the remaining six constituents for which
concentrations were determined in water and bottom-material samples.

Cadmium.--Mean percentages of this constituent in the total load from
each source indicate that combined sewers contribute the largest percentage of
cadmium loads (fig. 34). Storm sewers also contribute a large percentage of
the loads. Most other sources had several samples with concentrations of cad-
mium that were below the analytical detection limit. Concentrations were
highest from the combined sewers and storm sewers [27 and 25 pg/L (micrograms
per liter), respectively]. The median concentrations are the same from all
sources and are equal to the analytical detection limit (3.00 pg/L). Cadmium
is used in metal plating, engraving, photoelectric cells, and nickel-cadmium
storage batteries. Cadmium also is a product of the combustion of fossil
fuels (Kelly and Hite, 1984, p. 42-45; Windholz and others, 1976, p. 205).

Chromium.--Mean percentages of this constituent in the total load from
each source indicate that the storm sewers contributed more than half of the
total chromium loads (fig. 35). Maximum and average concentrations were higher
in water from the storm sewers, but the highest median concentration was at
site T24 (16.0 ug/L). Chromium is used in metal plating, in photographic and
dyeing processes, and in the manufacture of ceramics, paper, and paint. It
also is used in hospitals as a blood tracer (Relly and Hite, 1984, p. 47;
Windholz and others, 1976, p. 288-289).

Copper.--Mean percentages of this constituent in the total load from each
source indicate that more than half of the total copper loads are from the
combined sewers (fig. 36). Appendix E, however, indicates that the storm
sewers and wastewater-treatment-facility effluent contributed the largest per-
centage of the copper, except during the third storm when the combined sewers
contributed 70 to 80 percent of the total load. The highest median copper
concentration was in water from the combined sewers (59 ug/L). Copper is used
in electrical components, chemical products, pipes, and as an alloy in brass
and bronze. Copper also is used in the form of copper sulfate to control
algae in lakes, ponds, and streams (Kelly and Hite, 1984, p. 50; Windholz and
others, 1976, p. 325).

Lead.--Mean percentages of this constituent in the total load from each
source indicate that the combined sewers contribute the largest percentage of
the total lead loads (fig. 37). Appendix E, however, indicates that the storm
sewers were a major source of lead, except during the third storm when combined
sewers contributed a comparable percentage of the load. Concentrations of lead
were at or below the detection limit in most samples collected from sites 1,
WWTF, T21, T23, and T24. The highest median concentration was in water from
the combined sewers (190 ug/L). The highest concentrations were in water from
the storm sewers. ILead is used in numerous manufacturing processes including
electrical devices, storage batteries, plastics, and as pigments for paints.
The most abundant source of lead is from the combustion of leaded gasoline
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